In a series of 5 experiments, the allocation of attention prior to the execution of saccade sequences was examined by using a dual-task paradigm. In the primary task, participants were required to execute a sequence of 2 endogenous saccades. The secondary task was a forced-choice letter identification task. During the programming of the saccade sequences, letters were briefly presented at the saccade goals and at no-saccade locations. The results showed that performance was better for letters presented at any of the saccade goals than for letters presented at any of the no-saccade locations. The results support a spatial model that assumes that prior to the execution of a saccade sequence, attention is allocated in parallel to all saccade goals.
Similar results were obtained by Kowler et al. (1995) by using a secondary letter identification task as an indicator of attentional allocation. In Kowler et al.'s study participants viewed displays containing eight premasks on a circular array around a central fixation cross. Participants were instructed to execute a saccade to the object indicated by a central arrow cue. Simultaneously with the onset of the arrow, the premasks were replaced by letters, which were masked 200 ms later. After each trial, participants had to report the letter presented at a specific location. The results showed that accuracy of letter report was higher when the letter was presented at the saccade goal than when it was presented elsewhere, indicating that attention was shifted to the saccade goal prior to the execution of the saccade.
Previous studies that have examined the relationship between attention and saccades were typically concerned with the allocation of attention prior to the execution of a single isolated saccade. However, saccades can also be executed as part of a sequence of saccades. For example, Zingale and Kowler (1987) showed that the latency of the first saccade in a sequence of saccades and the duration of the interval between saccades increased as a function of the number of required saccades (see also Inhoff, 1986) . According to Zingale and Kowler, saccades were controlled by an organized plan for an entire sequence of saccades. If saccades can be programmed as part of a whole sequence and attention precedes the eyes to the saccade goal, then the question arises as to how attention is allocated prior to the execution of saccade sequences.
In the present study three alternative models for the allocation of attention prior to the execution of saccade sequences are tested. The first model, the sequential attention model, is primarily based on findings from reading research. Several variants of this model have been proposed (e.g., Henderson, 1992; Henderson, Pollatsek, & Rayner, 1989; Morrison, 1984; Reichle, Pollatsek, Fischer, & Rayner, 1998) , but they all assume that some time prior to the execution of a saccade, attention shifts to the next saccade goal. It is assumed that during reading, attention is allocated at the fixated word at the beginning of each fixation. Once a certain degree of lexical processing of the fixated word has been achieved, attention is shifted to a peripheral location for lexical processing of the word at this location and to compute the amplitude of the next saccade.
Although much of the evidence for the sequential attention model comes from the reading domain, it has also been extended to other domains. For example, Henderson et al. (1989) conducted three experiments to examine the degree to which participants were able to use extrafoveal preview of objects while they viewed displays containing four objects on the corners of an imaginary square around the central fixation location. Participants had the task of executing saccades to the objects in a prescribed order to determine the identity of the objects. At the end of each trial, participants were asked whether a specific object had been presented. It was found that the fixation duration on a specific object was shorter when the object had been visible during the previous fixation than when it was masked during the previous fixation. However, preview of objects that would be fixated two saccades later did not further reduce fixation duration on that object. Therefore, Henderson et al. concluded that during each fixation, attention shifted to the object that would be fixated next, thereby allowing preprocessing of the object at that location, resulting in a reduction of the time needed to fixate it. Because the results indicated that attention was only allocated to the next saccade location, the results are considered evidence for the sequential attention model. Henderson et al. argued that attention and saccades are directed to the same location because both systems facilitate the processing of objects at that location. Indeed, in the study of Henderson et al. as well as in reading, it makes sense that attention is allocated to the next saccade goal because it contains the object (or word) that should be identified next. Furthermore, it is possible that attention was not allocated to the object that would be fixated two saccades later because the object at the next fixation location could not be identified by attention before the saccade to that location was executed.
In contrast to the sequential attention model, which assumes that attention is only allocated to the next saccade goal, two alternative models assume that attention is allocated to multiple saccade goals prior to the execution of a saccade sequence. The idea that prior to the execution of a saccade (or a saccade sequence), attention can be allocated to multiple locations is consistent with the results of Kowler et al. (1995, Experiment 4) , who examined the tradeoff between a saccade task and a perceptual task. Observers performed a letter identification task in which observers had to report a letter at a specific location and a saccade task in which they executed a single saccade to a specific location. In some conditions a single task was performed, whereas in other conditions both tasks were performed with varying priority instructions. The results showed that in the dual-task condition, shifting priority from the saccade task to the perceptual task could be achieved with little cost to saccade accuracy or latency. Therefore, Kowler et al. proposed that prior to the execution of a saccade, attention is not exclusively directed at the next saccade goal. According to their temporal model, before the eyes moved, attention was shifted serially between the saccade goal and some of the no-saccade locations. As an alternative they proposed a spatial model, in which attention was allocated in parallel between the saccade goal and some of the no-saccade locations.
If attention need not be exclusively directed to the next saccade goal, as proposed by Kowler et al. (1995) , then it is also possible that prior to the execution of a saccade sequence, attention is directed to multiple saccade goals. Thus, according to the temporal model, before the eyes move, attention is shifted serially between saccade goals. On the other hand, according to the spatial model, attention is allocated in parallel to multiple saccade goals. Although it is often assumed that attention cannot be allocated to multiple noncontiguous locations in parallel (e.g., Treisman & Sato, 1990; Wolfe, 1994) , it has long been known that parallel models can accommodate results typically believed to support serial models (e.g., Townsend, 1971 Townsend, , 1990 . Moreover, recent work has provided evidence for the view that attention can be allocated to multiple noncontiguous locations in parallel (e.g., Awh & Pashler, 2000; Castiello & Umiltà, 1992; Hahn & Kramer, 1998; Kramer & Hahn, 1995; but see McCormick, Klein, & Johnston, 1998 ; also see LaBerge & Brown, 1989) .
In the present study the allocation of attention prior to the execution of saccade sequences was examined by using a dual task with a primary saccade sequence task and a secondary forcedchoice letter identification task. In a series of experiments participants were required to execute a sequence of two saccades. Prior to the execution of the saccade sequence, letters were presented at the saccade goals and at no-saccade locations. The letters were either removed or masked before the eyes had time to move to the saccade goals. At the end of the trials, two letters were shown and participants were required to indicate which of the two letters had been presented. The accuracy on the forced-choice letter identification task was examined as a function of the location of the target letter in order to determine the allocation of attention prior to the execution of the saccade sequence. A nonspeeded secondary task was used in order to avoid response interference, which may occur when two speeded responses are prepared. Specifically, the second response may be delayed while the first response is being prepared. Indeed, this psychological refractory period effect has been found for combinations of manual and saccade responses (e.g., Wolf, Deubel, & Hauske, 1984) . Another important feature of the present task is the priority of the saccade task. That is, participants were instructed to give priority to the saccade task and to execute the saccade sequence as quickly as possible. If participants give priority to the saccade task the programming of the saccade sequence occurs while the letters of the secondary task are visible, enabling the attentional allocation during the programming of the saccade sequence to be examined through the secondary task.
Experiment 1
The goal of Experiment 1 was to examine the allocation of attention prior to the execution of a sequence of two saccades. Specifically, we examined whether attentional allocation was restricted to the first saccade goal (sequential model) or whether in addition to the first saccade goal, attention was also directed to the second saccade goal prior to the execution of the first saccade (temporal and spatial models). Participants were required to saccade to two gray circles amid red distractor circles. See Figure 1 for an illustration of the display sequence. On half of the trials, letters were briefly presented near the two saccade goals and two no-saccade locations during the programming of the saccade sequence. At the end of these trials, participants were required to indicate which of two letters had been presented.
Method
Participants. Eleven students were paid for their participation and reported having normal or corrected-to-normal vision. They were not familiar with the purpose of the experiment.
Apparatus. A Pentium II computer with a 21-in. (53.34-cm) color monitor controlled the timing of the events and generated stimuli. Eye movements were recorded by means of an Eyelink tracker with a 250-Hz temporal resolution and a 0.2°spatial resolution. The Eyelink tracker uses an infrared video-based tracking technology to compute the pupil center of both eyes. An eye movement was considered a saccade when the velocity exceeded 35°/s or the acceleration exceeded 9,500°/s 2 . When participants were fixating the central fixation point at the start of each trial, they pressed a key, which caused a recalibration of the participants' gaze point on the central fixation point. After this, the trial started. Each participant was tested in a dimly lit room. They held their head on a chinrest, located 75 cm from the monitor.
Stimuli. At the start of each trial, participants viewed displays containing eight equidistant gray circles (1.90°of visual angle in diameter) positioned on an imaginary circle with a radius of 8°around a central fixation point (0.3°). After 800 ms six of the circles turned red, and two circles (the saccade goals) remained gray. Participants were required to execute a sequence of saccades to the two remaining gray circles as quickly and accurately as possible in a self-determined order. The saccade targets were presented at two of the diagonal positions relative to the fixation point. This resulted in an angular separation between saccade goals of 90°o r 180°. The colors of the circles, red and gray, were made equiluminant (14.2 cd/m 2 ) and the circles appeared on a black background. On half of the trials four letters (0.65°ϫ 1.30°) were presented at the diagonal positions at a stimulus onset asynchrony (SOA) of 35, 82, or 129 ms relative to the color change of the circles. The center of each letter was presented 2.5°a way from the nearest circle along the same diagonal as the circle. The letters were removed 47 ms later. The letters were randomly sampled without replacement from the set of U, H, P, E, S, F, L, and C. The display was blanked 800 ms after the execution of the first saccade. At the end of trials on which letters had been presented, two letters appeared, one of which had been presented during the trial. Participants were required to indicate whether the left or right letter had been presented during the trial. They responded by pressing the Z key if they believed the left letter had been presented or the slash key if they believed that the right letter had been presented. The manual response was nonspeeded. See Figure 1 for an example of the stimulus display.
Procedure and design. There were two types of trials. First, on singletask trials no letters were presented and participants were required to execute a sequence of saccades to the gray circles. Second, on dual-task trials, letters were presented prior to the execution of the saccade sequence and in addition to the saccade sequence task, participants had to indicate at the end of the trial which of two letters had been presented. Participants performed a single session consisting of eight blocks of 108 trials, half of which were single-task trials and half of which were dual-task trials.
Results
Discarded data. Trials on which the initial saccade latency was below 120 ms (6.6% of trials) or above 600 ms (0.4% of trials) were discarded from further analyses. Trials on which the fixation duration on the first saccade goal was greater than 600 ms (0.1% of trials) were also discarded. Trials on which one of the saccade goals was missed (no saccade to the corresponding quadrant at least four degrees away from fixation) and trials on which a saccade was executed toward a no-saccade location (a saccade executed to one of the quadrants not containing a saccade goal) were classified as saccade sequence errors and were discarded from further analyses. The percentage of saccades to a no-saccade location was higher in the dual-task condition (14.0%) than in the single-task condition (7.0%), t(10) ϭ 4.19, p Ͻ .01. There was no difference in the percentage of saccade goal misses between the dual-task condition (8.8%) and the single-task condition (8.3%), t(10) Ͻ 1. For the proportion correct analyses of the letter identification task, trials were also discarded on which the eyes moved before the letters were removed. This resulted in an additional loss of 0.2% of trials in the 82-ms SOA condition and 1.3% in the 129-ms SOA condition.
Proportion correct. A within-subjects analysis of variance (ANOVA) on proportion correct with the location of the target letter (first saccade goal, second saccade goal, or no-saccade location), SOA (35, 82, or 129 ms) , and separation between saccade goals (90°or 180°of angular distance) as factors revealed a main effect of target letter location, interaction between separation, SOA, and target letter location, F(4, 40) ϭ 1.01, p Ͼ .40.
In the 90°separation condition there was no significant difference in proportion correct between a target letter at the first saccade goal (.78) and a target letter at the second saccade goal (.76), F(1, 10) Ͻ 1. The proportion correct was greater for target letters at the first saccade goal than for target letters at a nosaccade location (.59), F(1, 10) ϭ 23.11, p Ͻ .01, and it was greater for target letters presented at the second saccade goal than for target letters presented at a no-saccade location, F(1, 10) ϭ 26.74, p Ͻ .01. In the 180°separation condition the proportion correct was higher for target letters at the first saccade goal (.85) than for target letters at the second saccade goal (.68), F(1, 10) ϭ 15.54, p Ͻ .01, and it was higher at the second saccade goal than at a no-saccade location (.57), F(1, 10) ϭ 5.76, p Ͻ .04. See Table 1 .
Oculomotor behavior. Latencies of saccades to the first saccade goal were longer in the dual-task condition (M ϭ 280 ms) than in the single-task condition (M ϭ 262 ms), F(1, 10) ϭ 42.00, p Ͻ .01. There was no main effect of separation (M ϭ 270 ms in the 90°separation condition and 272 ms in the 180°separation condition), F(1, 10) ϭ 1.45, p Ͼ .25, and there was no interaction between task and separation, F(1, 10) ϭ 2.58, p Ͼ .10.
The fixation duration on the first saccade goal was longer in the single-task condition (M ϭ 195 ms) than in the dual-task condition (M ϭ 187 ms), F(1, 10) ϭ 7.61, p Ͻ .03. There was no effect of separation condition, and there was no interaction between task and separation condition (Fs Ͻ 1).
The accuracy of the saccade to the first and second saccade goal was examined by calculating the mean distance of the saccade endpoints in degrees of visual angle from the center of the saccade goal. There were no main effects of task (M ϭ 1.52°in the single-task condition and 1.57°in the dual-task condition), F(1, 10) Ͻ 1, or separation (M ϭ 1.57°at a 90°separation and 1.52°at a 180°separation), F(1, 10) ϭ 2.29, p Ͼ .15, on the accuracy of the saccade to the first saccade goal and there was also no interaction between task and separation, F(1, 10) Ͻ 1. The accuracy of the saccade to the second saccade goal was also not affected by task (M ϭ 1.73°in the single-task condition and 1.76°in the dual-task condition) or by separation (M ϭ 1.74°at a 90°separation and 1.75°at a 180°separation), and there was no interaction between task and separation (Fs Ͻ 1).
Proportion correct as a function of saccade endpoints. In order to examine whether performance on the letter identification task was related to the endpoint of the saccade, we examined proportion correct as a function of the distance of the saccade endpoint from the center of the nearest letter. For each Target Letter Location ϫ SOA ϫ Separation Condition, trials were split into two groups depending on whether the distance of the saccade endpoint to the letter was longer (long distance) or shorter (short distance) than the mean distance of that condition. Then, the proportion correct of the long-distance and short-distance trials was collapsed across SOA and separation condition.
An ANOVA on proportion correct with distance of the endpoint of the first saccade from the letter near the first saccade goal (long or short first saccade distance) and target letter location (first saccade goal, second saccade goal, or no-saccade goal) as factors revealed a main effect of target letter location, F(2, 20) ϭ 31.36, p Ͻ .01, but no main effect of first saccade distance (.70 for short-distance saccades and .71 for long-distance saccades), F(1, 10) Ͻ 1, and no interaction between target letter location and first saccade distance, F(1, 10) Ͻ 1. A similar analysis was performed on the distance of the endpoint of the second saccade to the letter near the second saccade goal. There was no effect of second saccade distance on proportion correct (.70 for the short-distance saccades and .71 for long-distance saccades), F(2, 20) Ͻ 1, and no interaction between second saccade distance and target letter location, F(1, 10) ϭ 1.68, p Ͼ .20.
Discussion
The results of Experiment 1 showed that the accuracy on the letter identification task was higher when the target letter was presented near one of the saccade goals than when it was presented near a no-saccade location. This indicates that prior to the execution of the sequence of saccades attention was allocated to both saccade goals. Furthermore, there was no relationship between the identification of the target letter and the distance of the saccades from the nearest letter. This finding is consistent with Deubel and Schneider (1996) , who found that discrimination accuracy depended on the instructed saccade goal but not on the actual saccade endpoint.
1
Even though it is clear that the present results provide evidence for a model that assumes the allocation of attention to both saccade locations, this finding may be the result of the task used. The saccade goals were two gray circles presented among six red circles. In order to determine the location of these two gray circles, participants may have had to allocate attention to both locations. Experiment 2 was conducted to determine whether the findings of Experiment 1 would generalize to conditions in which no peripheral allocation of attention is necessary to determine the saccade goals. Experiment 2 In order to examine whether attention is allocated to both saccade goals when peripheral attention is not needed to determine the saccade goals, the location of the saccade goals was indicated by central arrows in Experiment 2 (e.g., Deubel & Schneider, 1996; Kowler et al., 1995) .
Method
Participants. Eleven students, naive as to the purpose of the experiment, participated in Experiment 2.
Stimuli, procedure, and design. There were two differences relative to Experiment 1. First, the two saccade goals were indicated by two central arrows. Second, there were four equidistant circles positioned on the corners of an imaginary square around the central fixation point, which remained gray throughout the trial. The letters were presented at an SOA of 35, 82, or 129 ms relative to the presentation of the central arrows. Participants were required to execute a sequence of saccades to the circles indicated by the two central arrows as quickly and accurately as possible in a self-determined order. See Figure 2 .
Results
Discarded data. Trials on which the initial saccade latency was below 120 ms (4.1% of trials) or above 600 ms (0.5% of trials) were discarded from further analyses. A further 0.1% of trials were discarded because the fixation duration on the first saccade goal was longer than 600 ms. Saccade sequence errors (saccade goal misses and saccades to no-saccade locations) were also discarded. The percentage of saccades to no-saccade locations was higher in the dual-task condition (11.9%) than in the single-task condition (8.1%), t(10) ϭ 3.10, p Ͻ .02. There was no significant difference in the percentage of saccade goal misses between the dual-task condition (10.6%) and the single-task condition (9.7%), t(10) Ͻ 1. For the proportion correct analyses of the letter identification task, trials on which the eyes moved before the letters were removed were also discarded. This resulted in an additional loss of 0.4% of trials in the 129-ms SOA condition.
Proportion correct. An ANOVA on proportion correct with the location of the target letter (first saccade goal, second saccade goal, or no-saccade location), SOA (35, 82, or 129 ms) , and separation between saccade goals (90°or 180°of angular distance) as factors revealed a main effect of target letter location, F(2, 20) ϭ 32.07, p Ͻ .01. There was no main effect of SOA, F(2, 20) Ͻ 1, or of separation, F(1, 10) Ͻ 1. The interaction between separation and target letter location did not reach significance, F(2, 20) ϭ 3.19, p Ͼ .05. No interaction was found between separation and SOA, or between SOA and target letter location, and there was no three-way interaction between separation, SOA, and target letter location (Fs Ͻ 1).
In the 90°separation condition there was no significant difference in proportion correct between a target letter at the first saccade goal (.79) and a target letter at the second saccade goal (.74), F(1, 10) ϭ3.02, p Ͼ .10. The proportion correct was greater for target letters at the first saccade goal than for target letters at no-saccade locations (.53), F(1, 10) ϭ 256.10, p Ͻ .01, and it was greater for target letters presented at the second saccade goal than for letters presented at no-saccade locations, F(1, 10) ϭ 70.50, p Ͻ .01. In the 180°separation condition the proportion correct was higher for target letters at the first saccade goal (.80) than for target letters at the second saccade goal (.69), F(1, 10) ϭ 8.62, p Ͻ .02, and it was higher at the second saccade goal than at no-saccade locations (.58), F(1, 10) ϭ 5.98, p Ͻ .04. See Table 2 .
Oculomotor behavior. There was no main effect of task on latencies of saccades to the first saccade goal (M ϭ 270 ms in the single-task condition and 272 ms in the dual-task condition), F(1, 10) Ͻ 1, but there was a main effect of separation between saccade goals, F(1, 10) ϭ 12.26, p Ͻ .01. Latencies of saccades to the first saccade goal were longer at a 90°separation between targets (277 ms) than at a 180°separation (265 ms). There was no interaction between task and separation, F(1, 10) Ͻ 1.
The fixation duration on the first saccade goal was longer in the single-task condition (M ϭ 183 ms) than in the dual-task condition (M ϭ 165 ms), F(1, 10) ϭ 20.00, p Ͻ .01. There was no significant effect of separation condition, F(1, 10) ϭ 2.22, p Ͼ .10 (M ϭ 178 ms at a 90°separation and 169 ms at a 180°separation), and there was no interaction between task and separation condition, F(1, 10) Ͻ 1.
The accuracy of the saccade to the first saccade goal was higher at a 180°separation (M ϭ 1.55°) than at a 90°separation (M ϭ 1.97°), F(1, 10) ϭ 25.44, p Ͻ .01. There was no main effect of task (M ϭ 1.68°in the single-task condition and 1.84°in the dual-task condition), F(1, 10) ϭ 2.66, p Ͼ .10, on the accuracy of the saccade to the first saccade goal, and there was also no significant interaction between task and separation, F(1, 10) ϭ 3.15, p Ͼ .10.
The accuracy of the saccade to the second saccade goal was higher in the single-task condition (M ϭ 1.58°) than in the dualtask condition (M ϭ 1.83°), F(1, 10) ϭ 17.78, p Ͻ .01. The effect of separation on the accuracy of the saccade to the second saccade goal did not reach significance, F(1, 10) ϭ 4.09, p Ͼ .05 (M ϭ 1.62°at a 90°separation and 1.79°at a 180°separation), but there was an interaction between task and separation, F(1, 10) ϭ 5.52, p Ͻ .05. There was an effect of separation in the dual-task condition (M ϭ 1.70°at a 90°separation vs. 1.96°at a 180°separation), t(10) ϭ 2.77, p Ͻ .02, but not in the single-task condition, t(10) Ͻ 1 (M ϭ 1.54°at a 90°separation vs. 1.62°at a 180°separation).
Discussion
The results of Experiment 2 showed that the accuracy on the letter identification task was higher when the target letter was presented near one of the saccade goals than when it was presented near one of the no-saccade locations. Therefore, even though the saccade goals were indicated by central arrows, attention was allocated to both saccade goals before the first saccade was executed. That is, even though participants did not need to search for the saccade goals, attention was allocated to both saccade goals. Furthermore, because accuracy was higher for letters presented near the first saccade goal than for letters presented near the second saccade goal, priority was given to the first saccade goal over the second saccade goal.
In Experiments 1-2 participants could self-determine the order of the saccade sequence. It is possible that participants attended to both saccade goals in order to choose their preferred saccade order. The question remains whether participants still attend to the second saccade goal prior to the execution of the first saccade when the required saccade order is predetermined. This issue was examined in Experiment 3.
Experiment 3
In Experiment 3 the same dual-task was used as in Experiment 2, with the only difference being that the saccade sequence order was predetermined.
Method
Participants. Ten students, naive as to the purpose of the experiment, participated.
Stimuli, procedure, and design. The only methodological difference in this experiment, compared with Experiment 2, concerned the central cues, which indicated the saccade goals. The required saccade order was indicated by a central fixation circle (diameter ϭ 0.3°) with two lines attached, pointing to the two saccade goals. The first saccade goal was indicated by the longer line (length 1.0°) and the second saccade goal was indicated by the shorter line (length 0.6°).
Results
Discarded data. Trials on which the initial saccade latency was below 120 ms (5.4% of trials) or above 600 ms (0.1% of trials) were discarded from further analyses. A further 0.1% of trials was discarded, because the fixation duration on the first saccade goal was longer than 600 ms. Saccade sequence errors (saccade goal misses, saccades to no-saccade locations, and erroneous saccade order) were also discarded. There was no significant difference in percentage of saccades to no-saccade locations between the singletask and dual-task conditions (3.0% in the single-task and 3.1% in the dual-task), t(9) Ͻ 1. The percentage of misses was higher in the dual-task condition (10.5%) than in the single-task condition (8.9%), t(9) ϭ 3.41, p Ͻ .01. The difference in percentage of erroneous saccade order between the single-task (6.2%) and dualtask (7.8%) failed to reach significance, t(10) ϭ 2.16, p Ͼ .05. For the proportion correct analyses of the letter identification task, an additional 0.4% of the trials in the 129-ms SOA condition were discarded because the eyes moved before the letters were removed.
Proportion correct. A within-subjects ANOVA on proportion correct with the location of the target letter (first saccade goal, second saccade goal, or no-saccade location), SOA (35, 82, or 129 ms), and separation between saccade goals (90°or 180°of angular distance) as factors revealed a main effect of target letter location, F(2, 18) ϭ 45.73, p Ͻ .01. There was no main effect of SOA, F(2, 18) Ͻ 1, or of separation, F(1, 9) Ͻ 1. There were no two-way interactions (Fs Ͻ 1), and there was no three-way interaction between location, separation and SOA, F(4, 36) ϭ 1.45, p Ͼ .20.
Separate ANOVAs for each pair of locations showed a higher proportion correct at the first saccade goal (.81) than at the second saccade goal (.70), F(1, 9) ϭ 19.50, p Ͻ .01, and a higher proportion correct at the second saccade goal than at no-saccade locations (.55), F(1, 9) ϭ 28.57, p Ͻ .01. See Table 3 .
Oculomotor behavior. Latencies of saccades to the first saccade goal were longer in the dual-task condition (M ϭ 269 ms) than in the single-task condition (264 ms), F(1, 9) ϭ 13.00, p Ͻ .01. They were also longer at a 180°separation between targets (272 ms) than at a 90°separation (261 ms), F(1, 9) ϭ 23.49, p Ͻ .01. There was no interaction between task and separation, F(1, 9) Ͻ 1. The fixation duration on the first saccade goal was longer in the single-task condition (M ϭ 192 ms) than in the dual-task condition (M ϭ 166 ms), F(1, 9) ϭ 96.45, p Ͻ .01. There was no significant effect of separation condition, F(1, 9) ϭ 2.44, p Ͼ .10 (M ϭ 175 ms at a 90°separation and 184 ms at a 180°separation), and there was no interaction between task and separation condition, F(1, 9) ϭ1.55, p Ͼ .20.
The accuracy of the saccade to the first saccade goal was higher in the single-task condition (M ϭ 1.90°) than in the dual-task condition (M ϭ 2.20°), F(1, 9) ϭ 8.07, p Ͻ .02. There was no effect of separation condition (M ϭ 2.06°at a 90°separation and 2.03°at a 180°separation), F(1, 9) Ͻ 1, and there was no interaction between task and separation, F(1, 9) Ͻ 1.
The accuracy of the saccade to the second saccade goal was higher in the single-task condition (M ϭ 1.63°) than in the dualtask condition (M ϭ 2.00°), F(1, 9) ϭ 13.65, p Ͻ .01. There was no significant effect of separation on the accuracy of the saccade to the second saccade goal, F(1, 9) ϭ 2.30, p Ͼ .10, but there was an interaction between task and separation, F(1, 9) ϭ 5.22, p Ͻ .05. The difference in accuracy between the 90°and 180°separa-tion conditions was larger in the dual-task condition (M ϭ 2.09°at a 180°separation vs. 1.90°at a 90°separation) than in the single-task condition (M ϭ 1.64°at a 180°separation vs. 1.61°at a 90°separation).
Discussion
Experiment 3 replicated the main findings of Experiment 2. Accuracy on the letter identification task was higher when the target letter was presented near one of the saccade goals than when it was presented near a no-saccade location. This indicates that even when the saccade order is predetermined, attention is allocated to both saccade goals before the first saccade is executed. The sequential model, which assumes that attention is only allocated to the next saccade goal, cannot account for the present findings. The data are in line with both the temporal and the spatial model. Both models assume that in order to program a saccade sequence to two locations, attention is allocated to both saccade goals prior to the execution of the first saccade in the sequence. The temporal model assumes that attention shifts serially from the first to the second saccade goal, whereas the spatial model assumes that attention is allocated in parallel to both locations. The results of Experiments 1-3 are consistent with the spatial model, because there was no effect of SOA and SOA did not interact with the location of the target letter. However, because the letters were not masked, it is hard to make any firm conclusions concerning the time course of attentional allocation. Therefore on the basis of Experiments 1-3 the temporal model cannot be rejected. In order to test the spatial and temporal model, two further experiments were conducted in order to examine the time course of attentional allocation prior to the execution of the saccade sequence.
Experiment 4
In order to examine the time course of attentional allocation prior to the execution of saccade sequences, we presented the letters either simultaneously or sequentially (e.g., Pashler & Badgio, 1987; Shiffrin & Gardner, 1972) . This procedure has been used to examine serial versus parallel processing. For example, Pashler and Badgio (1987) examined whether alphanumeric characters were identified in parallel or serially. On each trial, four alphanumeric characters were presented and participants were required to name the highest digit. In the simultaneous condition all letters were presented simultaneously, and in the sequential condition two pairs of letters were presented sequentially. The presentation duration of a single character was the same in the sequential condition as in the simultaneous condition. If the letters were identified serially, then performance should have been better in the sequential condition than in the simultaneous condition because, according to serial models, more time could be spent on each individual letter in the sequential condition than in the simultaneous condition. However, there was no significant difference in performance between the simultaneous and sequential condition, which provided support for the view that alphanumeric characters could be identified in parallel.
In the present experiment the letters of the secondary identification task were presented simultaneously or sequentially, similar to the procedure adopted by Pashler and Badgio (1987; also see Shiffrin & Garner, 1972) . Four conditions were used, two with a simultaneous presentation and two with a sequential presentation. The presentation duration of each individual letter did not vary between conditions, but the moment at which each letter was presented was varied between conditions (see Figure 3) . The four letters could be presented in one of two time frames during the programming of the saccade sequence. Each time frame roughly corresponded to half the time required to program the saccade sequence. In condition Simultaneous 1, all four letters were presented in the first time frame, and in Simultaneous 2, all four letters were presented in the second time frame. In the two sequential conditions, two letters were presented during the first time frame and the two remaining letters were presented in the second time frame. In condition Sequential 1, a letter was presented at the first saccade goal during the first time frame and a letter was presented at the second saccade goal during the second time frame. In condition Sequential 2, a letter was presented at the second saccade goal during the first time frame and a letter was presented at the first saccade goal during the second time frame. The rationale behind this procedure is that if attention is allocated to the saccade goals in a specific serial order (e.g., first at the first saccade goal and then at the second saccade goal), then performance should benefit if the letters are presented in this order. Thus, according to the temporal model, performance should be better in condition Sequential 1 than in condition Sequential 2. Furthermore, the temporal model predicts an interaction between condition and the location of the target letter. On the other hand, the spatial model predicts no difference in performance between Sequential 1 and Sequential 2 and no interaction between condition and location of the target letter. The critical factor for the spatial model is how long each individual letter is presented. Because the presentation duration of a single letter is constant no effect of presentation condition is expected by the spatial model.
Method
Participants. Eleven students, naive as to the purpose of the experiment, participated.
Stimuli, procedure, and design. At the start of each trial, participants viewed displays containing four equidistant white pattern masks (1.00°ϫ
1.60°of visual angle) positioned at an eccentricity of 8°on the corners of an imaginary square. After 800 ms the required saccade order was indicated by a central fixation circle (diameter ϭ 0.3°) with two lines attached, pointing to the two saccade goals. The first saccade goal was indicated by the longer line (length 1.0°), and the second saccade goal was indicated by the shorter line (length 0.6°). There were two time frames during which letters (0.65°ϫ 1.30°of visual angle) could be presented. The first time frame stretched from 23 ms to 105 ms, and the second time frame stretched from 105 ms to 187 ms. Before and after each letter presentation, there were pattern masks at the locations of the letters. In condition Simultaneous 1, all four letters were presented in the first time frame (23-105 ms). In condition Simultaneous 2, all four letters were presented in the second time frame (105-187 ms). In condition Sequential 1, a letter was presented at the first saccade goal and at a no-saccade location in the first time frame and a letter was presented at the second saccade goal and a no-saccade goal in the second time frame. In condition Sequential 2, a letter was presented at the second saccade goal and a no-saccade location in the first time frame and a letter was presented at the first saccade goal and a no-saccade location in the second time frame. Figure 3 illustrates the different frames of the four presentation conditions. At the end of each trial, two letters appeared, one of which had been presented during the trial. Similar to the previous experiments, participants were required to indicate whether the left or right letter had been presented with a nonspeeded keypress response. Participants performed a single session consisting of four blocks of 288 trials. All conditions were randomized within blocks.
Results
Discarded data. Trials on which the initial saccade latency was below 120 ms (9.5% of trials) or above 600 ms (0.1% of trials) were discarded from analyses. Trials with saccade sequence errors were also discarded. On 3.6% of trials, one of the saccade goals was missed; on 7.4% of the trials, a saccade was executed to a no-saccade location; and on 7.5% of the trials, the saccades were executed in the wrong order. For the analyses of the letter identification task, an additional 2.8% was discarded because the eyes moved before the letters were masked.
Proportion correct. A within-subjects ANOVA was conducted on the proportion correct with presentation condition (Simultaneous 1, Simultaneous 2, Sequential 1, or Sequential 2), target letter location (first saccade goal, second saccade goal, or no-saccade location), and separation (90°or 180°) as factors. There was a main effect of location, F(2, 20) ϭ 66.92, p Ͻ .01. The proportion correct was higher for letters presented at the first saccade goal (.80) than for letters presented at the second saccade goal (.71), F(1, 10) ϭ 21.65, p Ͻ .01. Furthermore, the proportion correct was higher for target letters presented at the second saccade goal than for target letters presented at a no-saccade location (.53), F(1, 10) ϭ 51.01, p Ͻ .01. There was no effect of separation or presentation condition, and there were no interactions (Fs Ͻ 1). See Figure 4 .
Oculomotor behavior. The latency of the saccade to the first saccade goal was shorter when the separation between saccade goals was 90°(M ϭ 245 ms) than when the separation was 180°( M ϭ 250 ms), t(10) ϭ 3.45, p Ͻ .01. There was no effect of separation between saccade goals on the fixation duration on the first saccade goal, t(10) Ͻ 1. The mean fixation duration on the first saccade goal was 172 ms for both separation conditions.
The accuracy of saccades to the first saccade goal was higher at a 180°separation (M ϭ 1.53°) than at a 90°separation (M ϭ 1.69°), t(10) ϭ 4.75, p Ͻ .01. In contrast, accuracy of saccades to the second saccade goal was higher at a 90°separation (M ϭ 1.67°) than at a 180°separation (M ϭ 2.02°), t(10) ϭ 2.81, p Ͻ .02.
Discussion
The results of Experiment 4 showed that there was no difference in accuracy on the letter identification task between the four conditions. Regardless of whether the letters were presented simultaneously or sequentially and regardless of the order in which the letters were presented, accuracy was higher for letters pre- sented at the two saccade goals than for letters presented at no-saccade locations. Furthermore, similar to the previous experiments, accuracy was higher for letters presented at the first saccade goal than for letters presented at the second saccade goal. These findings provide support for the spatial model, which assumes that prior to the execution of a saccade sequence, attention is allocated in parallel to the saccade goals. The temporal model, which assumes that prior to the execution of the saccade sequence, attention is first directed to the first saccade goal and then to the second saccade goal, cannot account for these findings. Although the spatial model is consistent with the findings of the present study, the data can also be explained by a model that assumes that attention is allocated to a single location prior to the execution of the saccade sequence. Specifically, it is also possible that on the majority of trials attention is allocated to the first saccade goal, whereas on a smaller proportion of trials attention is allocated to the second saccade goal. In order to test such a mixture model, we needed a condition in which attention is required at two locations on a single trial.
Experiment 5
Two models are consistent with the data of Experiments 1-4. The spatial model assumes that attention is allocated in parallel to the saccade goals prior to the execution of the saccade sequence. The single-location model assumes that attention is allocated only to a single location prior to the saccade sequence. The predictions of this model mimic those of the spatial model when it is assumed that on some trials, attention is allocated to the first saccade goal whereas on other trials it is allocated to the second saccade goal.
In Experiment 5, we tested this single-location model by using a letter-matching task. The dual-task was similar to Experiment 4, with the critical difference that on all trials, two target letters were presented and participants were required to determine whether the two target letters were the same or different. According to the spatial model, an interaction on the proportion correct is expected between the presence of a target letter at the first saccade goal and the presence of a target letter at the second saccade goal. That is, the effect of a target letter at one of the saccade goals is expected to be greater when a target letter is also presented at the other saccade goal than when it is not. On the other hand, according to the single-location model, no interaction is expected between the presence of a target letter at the first saccade goal and the presence of a target letter at the second saccade goal. These predictions are derived in detail in the Appendix.
Method
Participants. Nine students, naive as to the purpose of the experiment, participated.
Stimuli, procedure, and design. Experiment 5 was similar to Experiment 4 with one difference. Two of the four letters that were presented were either a U or an H (the target letters). The two other letters were randomly chosen without replacement from the set of P, E, S, F, L, and C. Participants had the task of indicating whether the target letters were the same or different. If the two target letters were both Us or both Hs, the correct response was "same"; otherwise, the correct response was "different." If they were the same, they had to press the Z key; if they were different, they were required to press the slash key. The primary saccade sequence task was identical to Experiment 4.
Results
Discarded data. Trials on which the initial saccade latency was below 120 ms (5.2% of trials) or above 600 ms (0.2% of trials) were discarded from analyses. Trials with saccade sequence errors were also discarded. On 12.5% of trials, one of the saccade goals was missed; on 10.5% of the trials, a saccade was executed to a no-saccade location; and on 7.9% of the trials, the saccades were executed in the wrong order. For the analyses of the letter identification task, an additional 1.4% was discarded because the eyes moved before the letters were masked.
Proportion correct. The proportion correct was submitted to an ANOVA with presentation condition (Simultaneous 1, Simultaneous 2, Sequential 1, or Sequential 2), target letter at first saccade goal, and target letter at second saccade goal as factors. The data were pooled across separation condition (which had no effect in the previous experiments in which the saccade order was predetermined). There was a main effect of a target letter at the first saccade goal, F(1, 8) ϭ 33.66, p Ͻ .01, and a main effect of a target letter at the second saccade goal, F(1, 8) ϭ 29.94, p Ͻ .01. Specifically, the proportion correct was higher when one of the target letters was presented at the first saccade goal (.75) than when a nontarget letter was presented at the first saccade goal (.66), and it was higher when one of the target letters was presented at the second saccade goal (.73) than when a nontarget letter was presented at the second saccade goal (.67). There was also an interaction between a target letter at the first saccade goal and a target letter at the second saccade goal, F(1, 8) ϭ 12.18, p Ͻ .01. The effect of a target letter at one of the saccade goals on the proportion correct was greater when a target letter was also presented at the other saccade goal. There was no main effect of presentation condition, F(1, 8) ϭ 1.97, p Ͼ .10. Presentation condition did not interact with the presence of a target letter at the first saccade goal, F(3, 24) ϭ 1.16, p Ͼ .30, or with the presence of a target letter at the second saccade goal, F(3, 24) Ͻ 1, but a three-way interaction was found between presentation condition, target letter at first saccade goal, and target letter at the second saccade goal, F(3, 24) ϭ 3.01, p Ͻ .05. See Figure 5 . To examine this three-way interaction, we conducted separate ANOVAs for a simultaneous and sequential presentation of letters. An interaction between target letter at the first saccade goal and target letter at the second saccade goal was found with a simultaneous presentation of letters, F(1, 8) ϭ 19.53, p Ͻ .01, but not with a sequential presentation of letters, F(1, 8) Ͻ 1.
Finally, we compared proportion correct between the simultaneous and sequential conditions for each of the four combinations of target letters at the first and second saccade goals. Proportion correct was higher with a simultaneous presentation than with a sequential presentation when target letters were presented at both saccade goals, F(1, 8) ϭ 6.47, p Ͻ .04, but not when a target letter was presented at one of the saccade goals, Fs Ͻ 1, or when target letters were not presented at either saccade goal,
Oculomotor behavior. Latencies of saccades to the first saccade goal were shorter at a 90°separation between saccade goals (248 ms) than at a separation of 180°(256 ms), t(8) ϭ 2.72, p Ͻ .03. The separation between saccade goals had no effect on the fixation duration on the first saccade goal, t(8) Ͻ 1 (M ϭ 159 ms at a 90°separation and 163 ms at a 180°separation). Accuracy of saccades to the first saccade goal was higher at a 180°separation (M ϭ 1.49°) than at a 90°separation (M ϭ 1.63°), t(8) ϭ 3.05, p Ͻ .02, whereas accuracy of saccades to the second saccade goal was higher at a 90°separation (M ϭ 1.50°) than at a 180°separation (M ϭ 1.81°), t(8) ϭ 4.86, p Ͻ .01.
Discussion
The results of Experiment 5 revealed that a target letter at one of the saccade goals had a greater effect on accuracy on the matching task when a target letter was also presented at the other saccade goal. This indicates that attention was allocated to both saccade goals prior to the execution of the saccade (see the Appendix). However, this interaction was found only when the letters were presented simultaneously. In contrast, when the letters were presented sequentially, the effect of a target letter at one of the saccade goals did not depend on the presence of a target letter at the other saccade goal. Therefore, in the sequential conditions, facilitation of letter identification only occurs at one of the two saccade goals. Although the single-location model is consistent with the results from the sequential conditions, it cannot explain the facilitation of letter identification at both saccade goals in the simultaneous conditions. One possible explanation for the different pattern of results between the simultaneous and sequential conditions is that the sequential presentation somehow affects the way in which attention is engaged at the saccade goal locations. For example, it could be that the sequential presentation of letters at the saccade goals causes attention to be fully engaged at a target letter at one of the saccade goals. This issue will be further discussed in the General Discussion.
General Discussion
The present study provided evidence for a spatial model, which assumes that prior to the execution of a saccade sequence, attention is allocated in parallel to the saccade goals. In all 5 experiments we found that the identification of a target letter was better when a target letter was presented at one of the saccade goals than when it was presented at a no-saccade location. This pattern of results was found regardless of whether the letters were presented at (Experiments 4 -5) or near (Experiments 1-3) the saccade goals. Furthermore, performance was better when a target letter was presented at the first saccade goal than when it was presented at the second saccade goal, which suggests that more attention was allocated at the first saccade goal than at the second saccade goal.
The time course of attentional allocation prior to the execution of saccade sequences was examined in detail in Experiments 4 -5. In these experiments the letters were either presented simultaneously or sequentially (e.g., Pashler & Badgio, 1987; Shiffrin & Gardner, 1972) . In Experiment 4 the same pattern of results was found in all conditions. Performance was not affected by whether the letters were presented simultaneously or sequentially, and it was not affected by the order in which the letters were presented. Experiment 5 was similar to Experiment 4 except that two target letters were presented and participants were required to match their identity. In the simultaneous conditions a target letter at one of the saccade goals had a greater effect on performance on the matching task if a letter was also presented at the other saccade goal, indicating that attention was allocated at both saccade goals in these conditions. However, in the sequential conditions, the effect of a target letter at one saccade goal did not depend on the presence of a target letter at the other saccade goal. One possible explanation for the results of the sequential conditions of Experiment 5 is that the sequential presentation may lead to an attentional engagement at just one of the saccade goals. For example, attention may be captured by the presentation of a letter at one of the saccade goals in the first or second presentation frame. In any case, it is clear that attention cannot completely follow the sequential presentation of the letters. Indeed, when target letters were presented at both saccade goals, performance on the matching task was better with a simultaneous presentation of letters than with a sequential presentation. Note that this difference between the sequential and simultaneous presentation conditions was not found in Experiment 4. One major difference between the two experiments is that in Experiment 5 the target letters (Us and Hs) were known in advance. Detecting one of these target letters may result in a stronger attentional allocation than when all letters are equally relevant, as in Experiment 4. That is, in Experiment 4 (and in Experiments 1-3) randomly chosen letters were presented and only later, after the saccade sequence, did participants have to recognize the target letter. Therefore, in the sequential conditions of Experiment 4, attentional engagement at only one of the saccade goals may have been avoided, because all presented letters were equally relevant.
The spatial model, which assumes that prior to the execution of a saccade sequence, attention is allocated in parallel at both saccade goals, is consistent with the results of all five experiments. Because accuracy of letter identification was better at the first saccade goal than at the second saccade goal, irrespective of whether the letters were presented early or late during saccade programming, more attention was allocated to the first saccade goal than to the second saccade goal. If attention is required at the saccade goal prior to the execution of the saccade, then the way in which attention is distributed among the saccade goals may to some extent determine to which location the eyes will move first. However, on the basis of these results, it is hard to determine the direction of causality between attentional allocation and saccade programming. That is, it could also be the order in which the saccades are to be executed (self-determined or prescribed saccade order) that determines the way in which attention is allocated between saccade goals.
Alternative Models
Alternative models that were tested could not account for the results of the present study. In the present section we discuss the evidence against these models. We conducted the first three experiments to examine whether attention was directed only at the first saccade goal or at both the first and the second saccade goals. According to the sequential model, attention proceeds to the next saccade location but not to locations that will be fixated two or more saccades later. Because the results consistently showed that performance was better for letters presented at the second saccade goal than for letters presented at no-saccade locations, the sequential model does not hold for the present results. However, in defense of the sequential model, it must be noted that the sequential model is applicable to situations in which the processing demands at the first saccade goal are relatively large (e.g., Henderson et al., 1989) . Under these conditions attention may well remain allocated on the first saccade goal because the object (or word) cannot be identified before the eyes land on it.
Another model that was tested was the temporal model, which assumes that attention is allocated to both saccade goals prior to the execution of the saccade sequence. In contrast to the spatial model, the temporal model assumes that attention is directed to the saccade goals in a serial order. It is possible that attention is required at a saccade goal during a specific saccade programming stage and that once this stage has been completed, attention can be allocated to other locations. According to this logic, attention is first allocated at the first saccade goal and once a critical stage has been performed, attention shifts to the next saccade goal. Such a temporal model therefore assumes that attention is allocated in the same order as the eyes (before the actual execution of the saccade). However, the order in which the letters were presented and the moment at which the letters were presented had no effect on accuracy of letter identification. This seems inconsistent with the temporal model. Furthermore, in order to explain the results of Experiment 5, the temporal model must assume an implausibly rapid shift of attention to one saccade goal and on to the next, all within a single frame (82 ms; during which all letters are presented in the simultaneous conditions). Otherwise, the temporal model cannot account for the finding that in the simultaneous conditions the effect of a target letter at one saccade goal is greater when a target letter is also presented at the other saccade goal.
One less plausible model that can explain why letter identification is better at the saccade goals than at no-saccade locations is a model based on inhibition of return (IOR; Posner & Cohen, 1984) . IOR refers to the finding of perceptual impairment and delayed responses to previously cued locations. Although the cause of IOR is still a matter of debate (e.g., Klein, 2000) , there is evidence that IOR occurs at a location to which a saccade had been programmed and then subsequently cancelled (e.g., Rafal et al., 1989) . Thus, in the present study it may be proposed that before observers know the locations of the saccade goals, they program a saccade to all possible saccade goals, and after the presentation of the saccade cues, they cancel the saccade programs to no-saccade locations. This would result in impaired letter identification at the no-saccade locations. However, it is unlikely that IOR occurs at such short delays between the presentation of the saccade cues and the target letters. In typical IOR studies an irrelevant cue is presented in the periphery and responses to a peripheral detection target are delayed when the target is presented at the same location as the cue if the cue-target SOA is at least 200 -300 ms. Furthermore, if the target requires a discrimination response (which is similar to the letter identification task in the present study), IOR sets in only at cue-target SOAs beyond 500 ms (e.g., Lupiáñez, Milán, Tornay, Madrid, & Tudela, 1997; Lupiáñez & Milliken, 1999) . Thus, although there are large differences between the present study and typical IOR tasks, it is clear that it can take a considerable time for IOR to occur.
The Role of Attention in the Programming of Saccades
The results of the present study have provided evidence that attention is allocated at the saccade goals prior to the execution of a saccade sequence. However, the question remains as to why attention is allocated at the saccade goals. According to one view, attention and saccades are functionally related (e.g., Henderson et al., 1989; Posner, 1980) . That is, attention and saccades are typically directed to the same object in order to select that object for further processing. A much stronger link between attention and saccades was proposed by Rizzolatti and colleagues (Rizzolatti, Riggio, Dascola, & Umiltà, 1987; Rizzolatti, Riggio, & Sheliga, 1994) . According to their premotor theory of attention, the mechanisms responsible for spatial attention are localized in the spatial pragmatic maps. Thus, attention shifts are accomplished by programming a saccade to a specific location. However, Klein (1980; Klein & Pontefract, 1994) tested this idea, but failed to find a link between saccade preparation and attention. Although attention precedes the eyes to the saccade goal when a saccade is actually executed, Klein's results suggest that the shift of attention does not occur when a saccade is prepared but not executed.
Another model that assumes a tight link between attention and saccades is Schneider's (1995) visual attention model (VAM). According to Schneider, attention is required at the saccade goal in order to compute the spatial parameters for the saccade. One major difference between VAM and the premotor theory is that VAM assumes that a saccade program is a consequence of an attention shift whereas the premotor theory assumes that programming a saccade causes an attention shift. Although the direction of the causality differs between the two models, VAM and the premotor theory both predict a one-to-one relation between attention and saccades.
Although the results of the present study have provided support for a spatial model, in which attention is allocated in parallel to the goals of the saccade sequence, what remains unclear is the spatial extent of the attentional allocation. Because only four locations contained letters, one in each quadrant, the spatial distribution could not be examined in detail. However, in the first three experiments, the letters were presented 2.5°away from the saccade goals. Therefore, it is clear that attentional allocation around the saccade goals is quite broad. It is not clear whether this broad attentional allocation is a general characteristic of attentional al-location prior to the execution of saccades (or saccade sequences) or whether it is a strategy of observers to allow identification of the letters presented around the saccade goals.
Neural Correlates
Models of saccade programming typically assume that the final programming stage is accomplished through the superior colliculus (SC; e.g., Findlay & Walker, 1999; Godijn & Theeuwes, 2002; Trappenberg, Dorris, Munoz, & Klein, 2001 ). The SC receives input from a wide range of cortical areas including the frontal eye fields (FEF) and the lateral intraparietal area (LIP) in the posterior parietal cortex. These areas are part of a frontoparietal circuit that is assumed to be responsible for saccade control signals (e.g., Chelazzi & Corbetta, 2000) . These areas, in particular LIP, are also involved in attentional selection (e.g., Chelazzi & Corbetta, 2000; Colby & Goldberg, 1999; Rizzolatti et al., 1994) . In addition to its connections with oculomotor areas such as FEF and SC, LIP is also connected to V4, an area in the ventral stream that is involved in the processing of object features (e.g., Corbetta, Miezin, Shulman, & Peterson, 1991; Moran & Desimone, 1985) . Therefore, LIP may well be considered to be at the interface between object processing and saccade programming. Thus, from LIP, saccade control signals may be applied to the SC, and through its connections with the ventral stream, processing of an object at a selected location is facilitated (e.g., Hahn & Kramer, 1998; LaBerge, 1995) . LIP may also be involved in the programming of saccade sequences. According to Hahn and Kramer (1998; see also LaBerge & Brown, 1989) , multiple noncontiguous locations can be activated in a retinotopic map in LIP. Using a memory doublesaccade task with monkeys, Mazzoni, Bracewell, Barash, and Andersen (1996) showed that LIP neurons with the first saccade goal in their receptive field increased their firing rate prior to the execution of the first saccade. More important, a proportion of LIP neurons with the second saccade goal in their receptive field also increased their firing rate before the execution of the first saccade. The fact that more neurons increased their firing rate for the first saccade goal than for the second saccade goal is consistent with the finding of the present study that accuracy was higher for letters presented at the first saccade goal than for letters presented near the second saccade goal.
If spatial representations of saccade goals are developed in parallel through a circuit involving LIP and FEF, the question remains as to how the correct saccade order is generated. Although it is unclear how this is accomplished, the most likely area involved in generating the correct order of saccade sequences is the supplementary eye fields (SEF). After SEF lesions the execution of the correct saccade order is impaired (Morrow, 1996) . According to Pierrot-Deseilligny, Gaymard, Müri, and Rivaud (1997) , the SEF could control the saccade order through its connections with FEF or SC. Recent functional magnetic resonance imaging studies have supported the idea that saccade sequences are programmed in a circuit involving the cortical areas SEF, FEF, and LIP (Grosbras et al., 2001; Heide et al., 2001) . Together, these areas provide input to the SC, in which the final stage of saccade programming is accomplished.
Predictions of the Spatial Model and the Single-Location Model in Experiment 5
In order to understand the predictions of the spatial model and the single-location model for the letter-matching task of Experiment 5, one must consider two probabilities. First, one must consider the probability of identifying a letter at an attended location (P identified͉attended ). According to the spatial model, attention is directed at the two saccade goals, which implies that for the spatial model this probability is equal to the probability of identifying a letter given that the letter is presented at a saccade destination. The single-location model assumes that only a single saccade goal is attended on any given trial. Second, one must consider the probability of identifying a letter given that it is unattended (P identified͉unattended ). Obviously, when a letter is unattended, the chances of identifying it are relatively low. Nevertheless, it is possible that some attributes of unattended letters can be processed, which may result in a P identified͉unattended greater than zero. Alternatively, it may be that in addition to the allocation of attention at one or both of the saccade goals, some attentional resources are left to be allocated to no-saccade locations (e.g., Kowler et al., 1995) . However, for simplicity's sake, we assume that no-saccade locations are unattended. This assumption has no effect on the derived predictions. The predictions for the singlelocation model and for the spatial model are based on the probability of identifying both target letters, that is, P(both), for trials with target letters at both saccade goals (s ϭ 2), trials with a target letter at one saccade goal (s ϭ 1) and trials with no target letter at either saccade goal (s ϭ 0).
Single-location model: P(both|s ϭ 2) ϭ P identified|attended ϫ P identified|unattended .
In the above equation, one of the target letters is attended, the other unattended.
P(both|s ϭ 1) ϭ (.5 ϫ P identified|attended ϫ P identified|unattended ) ϩ [.5 ϫ (P identified|unattended ) 2 ].
In the above equation, there is a 50% chance that one of the targets is attended.
P(both|s ϭ 0) ϭ (P identified|unattended ) 2 .
In the above equation, none of the target letters are attended. According to the single-location model:
P(both|s ϭ 2) Ϫ P(both|s ϭ 1) ϭ (.5 ϫ P identified|attended ϫ P identified|unattended ) Ϫ [.5 ϫ (P identified|unattended ) 2 ] , P(both|s ϭ 1) Ϫ P(both|s ϭ 0) ϭ (.5 ϫ P identified|attended ϫ P identified|unattended ) Ϫ [.5 ϫ (P identified|unattended ) 2 ] , and P(both|s ϭ 2) Ϫ P(both|s ϭ 1) ϭ P(both|s ϭ 1) Ϫ P(both|s ϭ 0) .
Therefore, according to the single-location model, the effect of a target letter at one saccade goal does not depend on whether a target letter is also presented at the other saccade goal.
Spatial model:
P(both|s ϭ 2) ϭ (P identified|attended ) 2 .
In the above equation, both of the target letters are attended.
P(both|s ϭ 1) ϭ P identified|attended ϫ P identified|unattended .
In the above equation, none of the target letters are attended.
According to the spatial model:
P(both|s ϭ 2) Ϫ P(both|s ϭ 1) ϭ ͑P identified|attended ) 2 Ϫ (P identified|attended ϫ P identified|unattended )
ϭ P identified|attended ϫ (P identified|attended Ϫ P identified|unattended ) and P(both|s ϭ 1) Ϫ P(both|s ϭ 0)
ϭ ͑P identified|attended ϫ P identified|unattended ) Ϫ (P identified|unattended ) 2 ϭ P identified|unattended ϫ (P identified|attended Ϫ P identified|unattended ) .
Because P identified|attended Ͼ P identified|unattended according to the spatial model:
P(both|s ϭ 2) Ϫ P(both|s ϭ 1) Ͼ P(both|s ϭ 1) Ϫ P(both|s ϭ 0) .
That is, the effect of a target letter at one of the saccade goals is greater when there is a target letter at the other saccade goal than when there is not.
In conclusion, the spatial model predicts an interaction between the presence of a target letter at the first saccade goal and the presence of a target letter at the second saccade goal, but the single-location model predicts additive effects. It must be noted that a simplifying assumption has been made that according to the spatial model, P identified|attended does not differ for letters at the first saccade goal and letters at the second saccade goal. From a qualitative perspective, the predictions remain the same even if this assumption is false.
